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Introduction.
The manufacture of oxalic acid includes
as one of the steps in the process, the conversion
of calcium oxalate to the desired oxalic acid by
treatment with sUlphuric acid, and the sUbsequent
crystalization of the oxalic acid from the solution
of it thus made.

This investigation has dealt with

this conversion step, with regard to the various
factors affecting it.

The effect of time, acid

concentration, temperature, volume of solution, solubility of reaction products, and possible compound
formation have all been considered, and from the
information thus gained the conclusion has been
drawn.
The only reference to any previous work
done along this line was that of Carriere and Vilon,
recorded in "Comptes Rendus", Vol. 179, 1924, page
1402.

However, this work was conducted under some-

what different conditions of concentration, and apparently without thought of the application of results.

The results obtained in that work differ con-

siderably from the results of this investigation.
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Method of Conducting the Investigation.
To obtain the desired data, calculated
amounts of sUlphuric acid and calcium oxalate were
agitated together at a given temperature until equilibrium was reached, when a sample of the solution
was filtered away from the residue, and the amount
of oxalic acid formed determined by titration with
a

solution of KM:n04 previously standardized against

U. S. Bureau of Standards sodium oxalate.

At 25°,

400, and 55°, similar runs were made, maintaining
the temperature as desired in a thennostatically
controlled water bath.
by

The mixtures were agitated

means of a motor-driven apparatus constructed

for the purpose and described in another part of
this paper.

At these three lower temperatures,

samples were taken at the temperature of reaction,
by

fitting the bottle containing the solid and sol-

ution with a two hole rubber stopper through which
a glass tube, bent in U-shape, passed nearly to the

bottom of the solution.

The other end of this glass

tube was passed through a two hole stopper in a
bottle large enough to hold a short funnel and a
receptacle for the filtered solution, and termin- 2 -

ated about 3 or 4 em. inside the larger bottle.
Through the second hole in the smaller bottle air
pressure was applied through a straight glass tUbe,
just sufficient to force the liquid over, and the
pressure was allowed to escape through the second
hole in the stopper of the larger bottle.
complete arrangement,

This

clamped in a stand, could be

lowered into the water bath, and allowed filtration
at any temperature that could
water bath.

"be

maintained in the

The apparatus is "illustrated by the

draWing herewith.

Scrap lead or other heavy material

can be used to sink the apparatus, and to receive
the filtered liqUid an 8 inch test tube was cut to
half it's original length.
The bottles used to hold the reacting
mixture were glass stoppered 250 ccm. capacity, and
were sealed with paraffin to prevent dilution with
water.
The apparatus used to agitate the mixture
is best described by referring to the diagrams.

The

bottles are attached by clamps to a disc suspended
just above the water bath, and this disc given an
oscillating motion through a driving arm set offcenter on a small motor driven wheel.
- 3 -

By varying

the speed-of the motor, the speed at which the apparatus is driven is easily regulated.
The sealed bottles containing the mixture
of acid and oxalate were clamped in t46 apparatus
and agitated for a length of time sufficient to
allow reaction to proceed as far as it might under
the particular conditions of that experiment.

The

length of time necessary was determined before beginning the investigation, by setting up a number
of similar samples, and making determinations on
them at various time intervals, from
hours.

At the end of

t

t

hour to 8

hour the reaction had ap-

parently reached the same equilibrium that it showed
after 8 hours.
After the completion of the 25°, 40°, and
550 runs, experiments were conducted to determine

whether or not the reaction was reversible with a
decrease in temperature.

Elf taking samples from

mixtures that had been agitated at temperatures of
40 0 and 55 0 and then allowed to stand at room temp-

erature for several days, it was found that there
was practically no change in the amount of oxalic
acid present in the solution, indicating that the
reaction was not reversible with decrease in temperature.
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After completion of the investigation at
these three lower temperatures, it was decided to
raise the temperature to the boiling point of the
solution, allow sufficient time for the reaction to
take place at this temperature, and then take a sample of the solution after cooling, and determine
the oxalic acid present.

To do this, the calcium

oxalate, with a calculated amount of sulphuric acid,
was put into a Kjeldahl digestion flask, fitted
with a thennometer and a reflux condensor and maintained at

i~s

boiling temperature for an hour.

In these various investigations, not only
the ratio of sulphuric acid to calcium oxalate was
varied, but also the concentration of acid and the
total volume of solution.
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Preparation of Materials.
Before starting any of the work, it was
necessary to prepare calcium oxalate of sufficient
purity, and to prepare and standardize solutions
of sulphuric acid and potassium permanganate.
The pure Ca C204·H20

was prepared by making

a solution of C. P. calcium chloride, precipitating
the iron and aluminum by the addition of ammonium
hydroxide, and f i1 tering the a.mHioniacal solution
away from the precipita.ted hydroxides.

This sol-

ution was then allowed to stand over night to assure
complete precipitation, and then brought to boiling.
Oxalic acid was added in small amounts, allowing

the solution to come to boiling again after the addition of the first portion.

By doing this,

and

adding the acid in small portions, larger crystals
of the oxalate are formed, expediting washing.
After the addition of an excess of oxalic acid, the
crJstals are allowed to settle out, and the liquid
decanted off.

The crystals are then washed five or

six times with water containing a little ammonia,
and then washed with distilled water until a sample
of the washings shows no trace of
ing with silver nitrate.

chlori~es

on test-

This will require an
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additional five or six washings, meaning a total
of ten or twelve washings of the precipitate.
c~Jstals

The

obtained are drained as dryas possible

by decanting off the water,

110 0 until perfectly dry.

and are then dried at
They are then allowed to

stand over night, exposed to the air, but protected
from dust and foreign matter, so that any water of
crystallization that might have been driven off can
be regained.

The salt thus prepared is .kep1t in

glass stoppered bottles until needed.

It is of very

high purity, as shown by the results of analyses of

three different batches, given herewith:
Percent CaC204·H20 in sam.ple
Sple. 1

Sple. 2

Sple. 3

Sple. 4

Batch j¥l

99.46

99.55

99.50

99.46

Batch

#2

99.95

99.95

99.99

99.95

Batch

#3

99.94

100.09

99.96

99.75

Approximately 4N sUlphuric acid was pre.
pared by taking acid of ap. gr. 1.84, 96% H2 S0 4,
and diluting with the calculated

~nount

of water.

This solution was then standardized by weighing out
a sample of previously ignite4 sodium carbonate,
and titrating with the acid.
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The solution of potassium per.manganate
used was taken from a previously prepared stock
solution which had been made up approximately O.IN,
agitated by blowing air through it for several hours,
and then allowed to stand for not less than 30 days.

The solution thus prepared is fairly stable and
does not change in strength appreciably in as long
a period as 3 months if kept stoppered and away
from strong light.
s~nple

It was standardized against a

of Bureau of Standards

sodi~~

restandardized from time to time,
a possible change in its

oxalate, and

to keep check on

oxidizing power.
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Analytical Methods.
All analytical methods used, whether for
actual analysis, or for standardization, were the
co~mon

standard methods.
To determine oxalic acid in

s~nples

of

the sOlutions, a 5 cern. sronple of the solution was
used, diluted to approxinately 75 ccm., an excess
of sulphuric acid added, and the solution titrated
hot with the standard permanganate.

~

considering

·this 5 ccm. sample as an aliquot of the total solution, the

~nount

of permanganate necessarJ for the

whole sample could be calculated, and the percent
of conversion of calcium oxalate to oxalic acid
could be figured.
In analysis of the calcium oxalate to determine its

purity, the weighed sample of salt was

dissolved in 1-10 sulphuric acid, heated almost to
boiling, and titrated hot with the permanganate.
As has been stated, the permanganate was
standardized against Bureau of Standards
alate, qy weighing out a

s~fiple

sodi~~

ox-

of the salt, dissolv-

ing it in 1-10 SUlphuric acid, heating almost to
boiling and titrating hot.
To standardize the SUlphuric acid, Na2C03
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was prepared

qy

heat for 1 hour.
thus

igniting pure NaHC03 to dull red
A sample of the sodium carbonate

made was weighed out and dissolved in dis-

tilled water and titrated with the sUlphuric acid,
using metbwl orange as the indicator.
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Curve No.1, Table No. 1
This curve, plotted from data in the accompanying table, shows the conversion of calcium
oxalate to oxalic acid at 25°, with concentration
of sulphuric acid constant and volume of solution
varied.

The experiment was started with 100 per-

cent excess of the amount of acid necessary to react with the amount of oxalate used.

The acid was

in all cases 4.450N, and the amount used was varied

as shown.

Conversion to oxalic acid varied from

45.83% at 100% excess acid to 95.8% at 500% excess
acid.

Between 40% conversion and 50% conversion

there is apparently a break in the curve, and the
second investigation at the

s~ae

this break more clearly defined.

temperature shows
Also, as in all

the other cases, it may be noted that as the conversion nears 100%, there is a marked decrease in
the gain of oxalic acid over each preceding point.

In this case, and in those following,
two independent determinations were made in order
to check the results.
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TABLE

1:ro.

1

(See Curve Uo.l)
Showing conversion of
ate to Oxalic acid at 25 0 C.

CalciQ~

Oxal-

Volume of sol-

ution equal to volume of 4.450N H2S04 used.

Percent Conversion

Percent H2SO4
used in excess
of theoretical

A

B

100

45.83

45.83

110

49.20

49.35

140

51.68

51.72

160

53.25

53.65

180

55.28

55.40

260

68.60

68.75

300

77.05

77.05

340

83.86

84.08

380

89.6

90.2

420

94.6

94.7

460

95.5

95.5

500

95.8

95.8

(Note: Columns A and B are duplicate

samples for checking.)
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Curve No.2, Table No. 2
This curve, plotted from data in the accompanying table) shows the conversion of calcium
oxalate to oxalic acid at 25°, with the volume of
solution constant, and concentration of sulphuric
acid varied.

The experiment was started with the

theoretical amount of sulphuric acid necessary to
react with a given weight of calcium oxalate, and
then this

~aount

increased as shown.

was 4.450N, and the
cern.

~ount

The acid used

used was diluted to 100

The conversion varied from 5.64% with the

theoretical amount of acid to 95.9% with 540% above
theoretical.

There is a regular increase in the

amount of oxalic acid formed up to about 32% conversion, when the amount of decomposition of the
oxalate increases very rapidly up to about 54%,
after which i t increases at a less rapid rate, and

regularly, up to the maximum.
As in the preceding case, two wholly in-

dependent samples were run, and these are both shown
in the table and on the curve.
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TABLE NO. 2
(See Curve No.2)

Showing conversion of Calcium Oxalate to Oxalic acid at 25° C.

Volume of sol-

ution equal to volume of 4.450N H2S04 used,
diluted to 100 cem.

Percent Conversion.

Perce~t

H2 SO 4
used In excess

of theoretical.

A

B

0

5.64

5.64

20

6.54

6.62

60

9.88

10.28

100

11.53

11.53

140

14.94

14.98

180

18.80

20.52

220

20.99

22.25

260

25.80

26.42

300

31.38

31.50

340

53.31

56.81

380

61.05

62.50

420

67.35

69.40

460

78.80

79.60

500

84.25

84.50

540

94.70

95.90
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Table No.3, Curve No. 3
This curve and its

accompanying table

show the conversion of calcium oxalate to oxalic
acid at 40°.

The volume of solution in this case

was constant, with the concentration of sulphuric
acid varied.

The acid used was 4.450N, and was

used in varying amounts as indicated.

In each case

the amount of acid used was diluted to a volume of
100 ccm.

Starting with the theoretical amount of

sulphuric acid to react with a given weight of the
oxalate, the percent conversion to oxalic acid varied
from 7.04% at theoretical to 97.3% with 540% excess
sulphuric acid.

The increase in the amount of de-

composition is very regular up to about 90%, where
the fonnation of oxalic acid increases less rapidly
from that point to the maximum.
As before, two independent samples were
run so that results might be checked.
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~

TABLE NO. 3

(See Curve No.3)
Showing conversion of Calcium Oxalate to Oxalic acid at 40° C.

Vol~~e

of

501-

ution equal to volume of 4.450N H2 S04 used_
; diluted to 100 ccm.
Percent H2SO4
used in excess
of theoretical

Percent Conversion.
A

B

0

7.04

7.08

20

8.40

8.40

60

13.10

13.13

100

14.50

14.60

140

19.18

19.38

180

25.40

25.40

220

30.60

30.60

260

37.52

37.52

300

42.82

44.38

340

53.2

53.2

380

63.68

64.19

420

73.48

73.48

460

90.76

92.35

500

95.5

95.5

540

97.1

97.3
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Table No.4, Curve No. 4
This shows the conversion of calcium oxalate to oxalic acid at 55°, with the volillne of solution constant and concentration of acid varied.
The acid used was 3.822N, and the araount of this
acid to react theoretically with a certain weight
of calcium oxalate was calculated.
used in varying

a~ounts

The acid was then

as shown, and

i~

each case,

the volume of acid was diluted to 100 cern.

The con-

version to oxalic acid varied from 8.55% with theoretical sulphuric acid, to 96.58% with 540% excess

As in the other cases, the increase is very

acid.

regular until the percent decomposition of the oxalate nears the maximum, when an increase in the
amount of sulphuric acid causes a lesser increase
in the oxalic acid produced than for preceding points.
In this and curves 2 and 3 i t will be noted

that all are of the same general shape, the only
difference being the marked break occuring in curve
(

2, and that each curve is a little to the right of
the one at the next lower temperature and has a

slightly greater slope than the preceding one up to
between 80 and 90% decomposition.

This temperature

effect is best shown in curves 7-22.
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TABLE NO. 4
(See Curve No.4)

Showing conversion of Calcium Oxalate to Oxalic acid at 55° C.

Volume of sol-

ution equal to volume of 3.822N H2S04 used,
diluted to 100 ccm.
Percent Conversion.

Percent H2SO4

used in excess
A

of theoretical.

B

0

8.55

8.96

20

9.83

9.90

60

13.39

14.10

100

19.00

19.17

140

25.78

25.84

180

31.26

31.30

220

38.47

42.42

260

51.58

52.17

300

58.15

59.67

340

69.15

69.50

380

80.40

80.49

420

81.75

93.13

460

94.18

95.78

500

91.87

96.12

540

~5.87

96.58
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Table No. 4a, Curves No. 2a, 3a, 4a
These curves and the accompanying table
are merely the data of tables no. 2, 3, and 4, and
their curves, assembled for ease of comparison.
They differ only in that each value in the table
and the corresponding points on the curve are the
mean of tlle two values given in columns A and B in
the preceding tables, and hence are the mean of the
two seperate and independent runs.
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TABLE 1TO. 4a

(See Curves No. 2a, 3a, 4a)
Showing conversion of Calcium Oxalate to Oxalic acid at 25°, 40°, and 55° C.
Volume of solution constant, acid. concentration varied.

Each value is mean of two in-

depenAent1y determined values.
Conversion at

Conversion at

40°

55°

o

7.06

8.76

20

8.40

9.87

H2S04 in
excess of
the ore tical

Conversion at
25 0

60

10.08

13.12

13.75

100

11.53

14.55

19.08

140

14.95

18.83

25.81

180

19.71

25.33

31.28

220

21.64

30.61

40.45

260

26.05

36.66

51.87

300

31.44

44.30

58.91

340

55.06

53.20

69.32

380

61.81

63.73

80.44

420

68.43

73.33

87.44

460

79.19

91.33

94.98

500

84.47

95.18

93.99

540

95.38

97.09

96.22
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Curves 7-22

These curves were plotted from the data
of table 4a, and show the increase of oxalic acid

formed with the increase of temperature.

Each

curve represents a certain acid concentration as
indicated, with constant volume of solution and
varying temperature.

It will be noted that three points have
been interpolated from other curves in order to
complete the curve at 200% excess sulphuric

- 28 -

acid~

Curves 5 & 6, Tables 5 & 6
These curves, plotted from data in tables
5 and 6,

show the

~ercent

oxalic acid formed

OW

the

action of sulphuric acid on calcium oxalate at the
boiling point of the dilute acid solution used,
Which is approximately 1000.

The VOlume of solution

was kept constant, and the concentration of acid
used varied as indicated.
Curve

n~

5 shows the conversion in 100

cam. volume and curve no. 6 shows the same for 50
cern. volume.

Both of these curves are very regular,

the amount of oxalic acid increasing with the acid
concentration, and increasing more rapidly at higher
acid concentration.

It might be noted also that the

two curves cross at about 27.5% conversion, but both
retain their regular shape throughout.
In the case of curve 5, the amount of acid
calculated was that to react theoretically with
3.7631 groa. of calcium oxalate.

For curve no. 6

the weight of oxalate used was 3.6197 gms.
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TABLE NO. 5

(See Curve No.5)

Showing conversion of Calcium Oxalate to Oxalic acid at B. P. of solution,(Approximately 100 0 C.).

Volume constant at

100 cem.
Percent H2S04
used in excess
of theoretical

Percnet
conversion
to H2C204

o

10.5

100

22.0

200
300

TABLE NO. 6
(See Curve No.6)

Showing conversion of Calcium Oxalate to Oxalic acid at B. P. of solution, (ap-

proximately 100 0 C.).
50

Volume constant at

Gem.

Percent H2S0 4
used in excess

Percent
conversion

of theoretical

to H2C204

o

8.90

100

21.3

200

61.4

300

98.97
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Conclusion.
In conclusion, the following facts are
noted:
1.

The conversion of calcium oxalate to

oxalic acid increases with an increase in the temperature at which reaction takes place, regardless
of the

concen~ration

2.

of sUlphuric acid used.

The conversion also increases with an

increase in the wnount of sUlphuric acid used,

re-

gardless of temperature.
3.

The conversion of calcium oxalate to

oxalic acid with sUlphuric acid does not follow the
so~ubility

of calcium sulphate, and is apparently

very little dependent on it.
4.

As gathered from this investigation,

the best conditions for the conversion of

cal~ium

oxalate to oxalic acid are those proven in curve 6,
namely the following:
T~Jperature:

Time:

boiling point of solution.

45 minutes to 1 hour.

Acid concentration:
Amount acid:

approximately 4N.

300% in excess of the

amount for theoretical reaction.
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The Use of Calcium Oxalate Monohydrate as
a

Pr~ary

Standard for Volumetric Standardizations_

The comparative ease with which the calcium
oxalate monohydrate could be prepared, and its high
degree of purity and constant analysis, gave rise to
the possibility of its use as a primary standard in
volumetric quantitative work.

The investigation was

not completed, but some data was taken which shows
the possibilities.
To get this information, a solution of

KMn04 was standardized on Bureau of standards Na2C204
and then on some of the CaC 20 4 -H 20 prepared as on
page 8 of this paper. The results were as follows:
Normality of
KMn04 by :B. of S.
Na 2 C2 0 4 •
0.1060

Normali ty of
KMn04 by

CaC204-H20
0.1063

.1060

.1063

.1062

.1064

.1062

.1064

This comparison shows that there is a constant nonmality value obtained by the use of the calcium salt, which does not differ more than 4 in the
fourth significant figure from the value obtained by
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the use of sodium oxalate.
It is the belief' of the author that further
investigation will prove the value of CaC204·H20 as
a primary standard.
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The Gravimetric Determination of Calcium
as CaC 2 0 4 .H2 0.
The high degree of purity evidenced by the
analyses of the calcium oxalate prepared as in Part 1
of this paper, and. the constant values of the weights
of samples of the salt lead to the belief that it
might possibly afford the means of a simpler gravimetric method for the determination of calcium than
that now in use, namely, precipitating as the oxalate,
drying, and weighing directly as CaC204H20, instead
of igniting and weighing as CaO.

Consequently, in-

vestigation was started along this line.

A solution of C. P. calcium chloride was
prepared and standardized, and from this samples of
oxalate were precipitated and weighed.

The calcium

oxalate was precipitated by the addition of oxalic
acid to an ammoniacal solution of the calcium chloride, and was then filtered on a Gooch crucible, washed
with water containing a little ammonia, finally with
distilled water, and then dried for different lengths
of time and at different temperatures as shown in the
following tables.

-
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TABLES.

Showing results of attempts to determine
Ca by weighing as

cac 2 0 4 -H2 0. after precipitating

from a solution CaC1 , 0.1167 N.
2

Theoretical weight

Weight after
drying at 110 0

:£ercent
error

0.2130

0.2178

/2.25%

.2130

.2181

12.39%

.2130

.21?6

/2.16%

.2130

.2l?4

12.06%

CaC 0 4 -H 0
2

in

sample of sol'n.

for 25 hours _

These same samples were then dried for an
additional 4 hours at 140 0 with these results:
Weight after
4 hours at 140 0

Percent
error

0.2096

-1.59%

.2119

-0.52%

.2106

-1.13%

.2098

-1.50%

After this treatment the samples seemed to
gain weight slowly while weighing, and accordingly
they were allowed to stand in air for a number of
hours and weighed at intervals to determine the change
in weight_

The results are shown in the following
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table:
Weight after
standing in
air 4 hours

·Weight after
sta.nding in
air 14 hours

air 50 hours

0.2145

0.2178

0.2166

.2155

.2182

.2168

.2147

.2176

_2162

.2142

.2174

.2160

This investigation shows

Weight a.fter
standing in

tl~t

the deter-

mination of calcium as CaC204-H20 is not accurate
enough for quantitative work.

It would be necessary

to regulate both time and temperature too delicately

to permit this method to become practicable.
The calciuIn oxalate as precipitated appar-

ently loses some of its water of crystalization,
which it regains on exposure to air.
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